Perinatal development of heart, kidney, and liver mitochondrial antioxidant defense.
Development of the mitochondrial antioxidant defense system was studied to assess its potential role in the newborn mammal's tolerance to oxidative challenge and to gain insight into the fetal adaptation to a relatively hyperoxic adult environment. Isolated heart, kidney, and liver mitochondria from fetal, newborn, and adult guinea pigs were used. In situ function of the antioxidant enzymes was estimated in mitochondrial suspensions after the addition to selenite or tert-butyl hydroperoxide by determining NAD(P)H oxidation rates spectrophotometrically at 340-375 nm. Kidney and liver mitochondria from newborn animals were less susceptible to selenite and tert-butyl hydroperoxide-induced NAD(P)H oxidation. The pattern of change, however, varied widely with tissue type. Kidney mitochondria displayed the largest change with a 3- to 4-fold increase in rate from the fetal to adult period. NAD(P)H oxidation rates in intact mitochondria did not correlate consistently with glutathione reductase and peroxidase activities in sonicated mitochondria suggesting in situ regulation by other endogenous factors. Immediately after birth, mitochondrial glutathione reductase and peroxidase activities dropped 38-50% and 50-70%, respectively, in all tissues studied. Total glutathione content of heart and liver mitochondria did not change with age. Adult kidney mitochondrial glutathione, however, declined to 24% of fetal values. Mitochondrial superoxide dismutase activity increased 150-300% from the fetal to the adult period in all tissues studied. Perinatal changes in the mitochondrial antioxidant system and their relationship to mitochondrial calcium metabolism are discussed in terms of the newborn's resistance to oxidative stress.